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SUMMARY 
The thermal behavior of composite spacecraft antenna reflectors has been 
investigated with the Integrated Composites Analyzer (ICAN) computer code. 
Parametric studies have been conducted on the face sheets and honeycomb core 
which constitute the sandwich-type structures. Select thermal and mechanical 
properties of the composite faces and sandwich structures are presented graphi- 
v) cu cally as functions of varying fiber volume ratio, temperature, and moisture 
cu r) content. The coefficients of thermal expansion are discussed in detail since 
W I these are the critical design parameters. In addition, existing experimental 
data are presented and compared to the ICAN predictions. 
INTRODUCTION 
NASA Lewis Research Center is  currently conducting studies associated with 
several national space programs. One such project is the Advanced Communica- 
tion Technology Satellite (ACTS) scheduled for launch in 1989 (fig. 1). The 
present design of the ACTS incorporates five antennae In the form o f  two main 
reflectors and three subreflectors. Used in this configuration for communica- 
tion purposes, the antenna reflectors must be designed for tightly controlled 
thermal distortions, slnce relatively small mismatches in thermal expansions 
and thermal conductivities can produce structural deformations which would 
adversely affect the transmitted signal. 
As a result, sandwich-type structures consisting of composite face sheets 
and honeycomb cores are often selected for the design of the antenna reflectors 
since the composite laminate face sheets can be optimized to provide a coeffi- 
cient of thermal expansion of zero. 
composite mechanical and thermal properties, it is quite difficult to conduct 
the structural and thermal analyses required to verify the design. 
However, due to the -lack of available 
Therefore, the computer code ICAN (Integrated Composites Analyzer) was 
used to conduct a parametric study of the composite laminate face sheets and 
sandwich structures proposed for the design of the satellite. 
ICAN, which is a portable program developed at Lewis Research Center to 
analyze/design fiber composite structures, was used to analyze the main 
reflector of the satellite which is the topic of this paper. 
In particular, 
Five  mater ia l  systems were selected as candidates f o r  t h e  face sheets: 
f o u r  high-modulus f i b e r s ,  low-cure temperature res ins  and one hybr id .  Para- 
m e t r i c  s tud ies were conducted w i th  var ious f i b e r  volume r a t i o s  us ing quasi- 
i s o t r o p i c  laminate conf igurat ions o f  [0/90]s, [O/+dO]s, and [O/f45/90]s w i t h  a 
nominal p l y  thickness o f  0.005 In .  (0.127 mn). The laminates were analyzed 
wi th  thermal and hygra l  condi t ions t y p i c a l  f o r  composite s t ruc tu res  i n  a 
geosynchronous space o r b i t .  
f a c i n g  the  sun t o  -250 O F  ( -157 "C)  when away from the  sun (cryogenic) .  
wise, t h e  moisture content var ies f rom 1 percent on e a r t h  t o  0 percent i n  
space. I n  addi t ion,  analyses were conducted f o r  room temperature/dry 
cond i t ions  t o  es tab l i sh  a basel ine f o r  comparison. 
The temperature var ies  from 250 O F  (121 "C) when 
L ike-  
From the  r e s u l t s  o f  the study, the  s e l e c t i o n  o f  s u i t a b l e  face sheet con- 
f i g u r a t i o n s  was based upon a prescr ibed c r i t e r i a :  zero o r  near zero c o e f f i -  
c i e n t  o f  thermal expansion. 
s t ruc tu res  comprised o f  the s e l e c t  laminate face sheets w i th  an aluminum honey- 
comb core. The f l n a l  s e l e c t i o n  o f  the  sandwich c o n f i g u r a t i o n  f o r  the  design 
o f  t h e  main antenna r e f l e c t o r  was made us ing t h e  same prescr ibed c r i t e r i a .  
I C A N  was then used t o  analyze the  sandwich 
Several I C A N  p red ic ted  thermal p roper t ies  ( c o e f f i c i e n t  o f  thermal 
expansions, thermal c o n d u c t i v i t y  and heat capaci ty)  and mechanical p r o p e r t i e s  
( e l a s t i c  and shear moduli  and Poisson's r a t i o )  a re  presented g r a p h i c a l l y  as a 
f u n c t i o n  o f  f i b e r  volume r a t i o ,  temperature, and moisture f o r  both the  compo- 
s i t e  face sheets and sandwich s t ruc tu res .  These r e s u l t s  a re  a lso  compared t o  
l i m i t e d  experimental data generated i n  the ACTS program. I n  add i t ion ,  the  
c o n s t i t u e n t  proper t ies o f  the  composite systems, the  analyses methods incorpo- 
ra ted  i n  the  I C A N  code, and problems r e l a t e d  t o  composites i n  the space 
environment a re  dlscussed. 
I C A N :  INTEGRATED COMPOSITES ANALYZER 
The computer code I C A N  ( In tegra ted  Composites Analyzer) has been developed 
I C A N  i s  a s y n e r g i s t i c  combin- 
t o  analyze/deslgn f i b e r  composite s t ruc tu res  ( r e f .  1) .  The program inc ludes 
composite mechanics theor ies which resu l ted  f rom extensive research conducted 
over t h e  past 1 5  years a t  Lewis Research Center. 
a t i o n  o f  two other NASA Lewis developed codes: MFCA ( M u l t i l a y e r e d  F iber  
Composites Analysis) and INHYD ( I n t r a p l y  Hybr id Composite Design). 
MFCA ( r e f .  2) i s  e f f l c l e n t  i n  p r e d i c t i n g  t h e  s t r u c t u r a l  response o f  m u l t i -  
layered f i b e r  composites given the c o n s t i t u e n t  m a t e r i a l  p roper t ies ,  f a b r i c a t i o n  
process, and composite geometry. INHYD ( r e f .  3)  Incorporates several  composlte 
micromechanics theories, i n t r a p l y  hybr id  composite theor ies,  and a hygrothermo- 
mechanical theory t o  p r e d l c t  the  mechanical, thermal, and hygra l  p roper t ies  o f  
i n t r a p l y  h y b r i d  composites. I C A N  u t i l i z e s  the micromechanics design o f  INHYD 
and the  laminate theory o f  MFCA t o  b u i l d  a comprehensive analys is /des ign capa- 
b i l i t y  f o r  s t r u c t u r a l  composites. Features unique t o  ICAN inc lude:  (1) p l y  
s t r e s s - s t r a i n  in f luence c o e f f i c i e n t s ,  (2 )  microstresses and microst ress 
i n f l u e n c e  c o e f f i c l e n t s ,  ( 3 )  st ress-concentrat ion fac to rs  a t  a c i r c u l a r  hole,  
(4 )  p r e d i c t i o n s  o f  probable delaminat ion l o c a t i o n s  around a c i r c u l a r  hole,  
(5) Poisson's r a t i o  mismatch d e t a i l s  near a s t r a i g h t  f r e e  edge, ( 6 )  f r e e  edge 
stresses, ( 7 )  mater ia l  cards f o r  t h e  general purpose f i n i t e  element ana lys is  
programs NASTRAN (COSMIC and MSC) and MARC, ( 8 )  laminate f a i l u r e  stresses based 
upon f i r s t  p l y  f a i l u r e  and f i b e r  f r a c t u r e  c r i t e r i a ,  w i t h  and w i t h o u t  hygro- 
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thermal degradation, (9 )  t ransverse shear stresses and normal stresses, 
(10) e x p l i c i t  s p e c i f i c a t i o n  of i n t r a p l y  layers,  and (11) delaminat ion o f  these 
layers due t o  adjacent p l y  r e l a t i v e  r o t a t i o n .  
I n  add i t ion ,  ICAN possesses another unique fea ture  i n  i t s  res ident  data 
bank which houses the  c o n s t i t u e n t  ( f i b e r / m a t r i x )  p roper t ies .  The f i b e r  i s  
entered i n t o  t h e  data bank as a four character coded name fo l lowed by the  
phys ica l ,  e l a s t i c ,  thermal, and strength r e l a t e d  proper t ies .  Likewise, the  
m a t r i x  i s  entered w i th  a f o u r  character coded name w i th  t h e  same proper t ies  and 
an a d d i t i o n a l  card f o r  miscellaneous proper t ies.  Years o f  l i t e r a t u r e  searches 
and in-house experimental programs on mater ia ls  charac ter iza t ion  have r e s u l t e d  
i n  t h e  compi la t ion o f  t h e  e x i s t i n g  data bank. 
user has the  a b i l i t y  t o  add new const i tuent  mater ia ls  t o  t h e  data bank as they 
appear i n  t h e  l i t e r a t u r e .  
Designed t o  be open-ended, the  
I n p u t  parameters o f  I C A N  include: s e l e c t i o n  o f  m a t e r i a l  system, f i b e r  
volume r a t i o  (FVR) ,  laminate conf igurat ion,  f a b r i c a t i o n  fac to rs ,  and environ- 
mental and loading condi t ions.  A sample i n p u t  data s e t  i s  shown i n  f i g u r e  2 
where the  parameters a re  transparent t o  the user. Also shown, a r e  t h e  proper- 
t i e s  o f  the  cons t i tuents  (used i n  the sample) as they appear i n  t h e  data bank. 
The complete documentation of  I C A N  w i th  compiled l i s t i n g ,  user i n s t r u c -  
t ions ,  p rogramer 's  manual and sample cases f o r  each o p t i o n  i s  a v a i l a b l e  i n  
reference 4. 
Software Management and Informat ion Center, Su i te  112, Barrow Ha l l ,  Athens, 
Georgia 30602. 
The program w i l l  soon be made a v a i l a b l e  through COSMIC-Computer 
PARAMETRIC STUDIES OF COMPOSITE FACE SHEETS 
Ref lectors  used f o r  communication s a t e l l i t e s  must be designed f o r  t i g h t l y  
c o n t r o l l e d  thermal d i s t o r t i o n s .  A s l i g h t  d e v i a t i o n  i n  the  geometry o f  the 
design caused by mismatches i n  c o e f f i c i e n t  o f  thermal expansions (CTE) can 
produce s i g n i f i c a n t  d i s t o r t i o n  i n  the s a t e l l i t e ' s  t ransmi t ted  s igna l  t o  ear th .  
I n  f a c t ,  a requirement f o r  the  ACTS r e f l e c t o r s  i s  t h a t  the  surface must be 
f a b r i c a t e d  t o  an accuracy o f  20.002 In .  (0.0508 mm) RMS (Root Mean Square). 
To achieve t h i s  requirement, the f i r s t  phase o f  t h e  main antenna r e f l e c t o r  
design i s  t o  s e l e c t  a composite mater ia l  system from which t o  f a b r i c a t e  the  
face sheets. The face sheets are i n i t i a l l y  designed since the laminate can be 
conf igured such t h a t  the  CTE i s  e i ther  zero o r  negative, which i s  the  primary 
design c r i t e r i a  f o r  the r e f l e c t o r .  I C A N  was used t o  analyze f i v e  candidate 
composite systems f o r  the  face sheet s t ruc tu res .  Two o f  these composite sys- 
tems, Thornel 300 graph i te  f i b e r / F i b e r i t e  934 r e s i n  and Kevlar/epoxy are  widely  
used and have been successful i n  other aeronautics/space app l ica t ions .  Two 
o ther  composite systems, which are r e l a t i v e l y  new i n  t h e  composite community, 
Thornel carbon f i b e r  P75 and Thornel g raph i te  f i b e r  P l O O  w i t h  F i b e r i t e  934 
res in ,  were selected f o r  considerat ion s ince they were marketed as low CTE 
mater ia ls .  
P75 composites. 
0.6 and 0.7. While most cur ren t  mater ia ls  are suppl ied w i t h  a FVR o f  0.62, 
o f t e n  the  f i b e r  content i n  prepregs i s  batch dependent. Therefore, th ree  FVRs 
were used t o  account f o r  t h i s .  With a p l y  th ickness o f  0.005 i n .  (0.127 mn), 
F i n a l l y ,  one hybr id  was selected f o r  t h e  study using t h e  Kevlar and 
Each composite system was modeled w i t h  I C A N  us ing FVRs o f  0.5, 
t h r e e  
6 P l Y  
quas i - i so t rop ic  laminate conf igurat ions were modeled: 4 p l y  [0/90]s, 
[0/+60]s, and 8 p l y  [0/+45/90]s. I C A N  analyzed each laminate a t  room 
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temperature (70 O F  (21 OC)), high temperature (250 O F  (121 "C)), and cryogenic 
temperature (-250 O F  (-157 OC)) with moisture contents of 0 and 1 percent. 
cure temperature used for the analysis was 350 O F  (177 "C) since all material 
systems use epoxy resins. 
The parametric study for the face sheets alone generated 360 runs of the 
ICAN program, resulting in the mechanical and thermal properties at the space 
temperature range which are required for further analysis and design. 
sake of brevity, only a sampling of the predicted properties are presented. 
zero CTE design criteria was employed. 
all candidate materials are shown graphically in figs. 3 to 7 for the [0/90]s 
laminate configuration as a function of FVR, temperature, and moisture. This 
laminate configuration is used since it has the least amount of plies yielding 
the lightest laminate in the study. Since ACTS is scheduled to be transported 
and deployed via shuttle, structural weight has emerged as another design 
criteria. 
The 
For the 
To eliminate unsuitable candidate composite systems from the study, the 
The in-plane CTEs predicted by ICAN for 
Figure 3 shows the CTE for the Thornel 300/Fiberite resin (T3001934) com- 
posite. Prior to the analysis, T300/934 was a potential choice for the face 
sheets due to its widespread usage on existing aeronautics/space structures. 
However, for all temperature ranges, the CTE is positive. Thus, T300/934 is 
eliminated from the study. 
Kevlar (Kevl) prepreg Is available from several vendors, each using 
different resins. For the ICAN analysis, the constituent properties of the 
Fiberite 934 resin were used. The CTE for Kevl/934 is presented in figure 4. 
For the thermal range shown, the CTE becomes negative at a FVR of 0.63 at the 
cryogenic temperature and at the high temperature, a F V R  of 0.66 is required to 
generate a negative CTE. Therefore, to design the main reflector face sheets 
from Kev1/934, a prepreg with 66 percent F V R  is needed. While it is probably 
possible to manufacture this prepreg, the sensitivity of the main reflector 
requires a greater margin of safety. Based upon this, therefore, Kev1/934 Is 
also eliminated from the study. Before analyzing the high-modulus fiber compo- 
sites, the constituent properties for the Thornel P75 and PlOO fibers were 
collected and inserted into the ICAN data bank. Vendor data sheets provide 
approximately half of the required 17 properties. 
with those from existing high-modulus fibers in the data bank. 
are shown in figures 5 and 6 for the P75/934 and P100/934 systems, respec- 
tively. Since the composite was marketed as a low CTE material, the results 
come as no surprise. In figure 5, the P75/934 CTE becomes negative at a FVR of 
approximately 0.55, which is an attractive design quality. In figure 6, the 
P100/934 exhibits negative CTE for all given conditions. Due to this behavior, 
both materials are candidates for the final face sheet design. 
The others are substituted 
The CTE results 
As previously mentioned, one composite hybrid material system was selected 
for the study. The hybrid consisted of 60 percent Kev1/934 and 40 percent 
P75/934. It was analyzed under the same conditions and the ICAN predicted 
results are shown in figure 7. The CTE becomes negative at a FVR of 0.62. 
The hybrid does meet the design requirements; however, when compared to the 
P75/934 and P100/934 results it 1s no longer a competitive candidate. 
additlon, the fabrication procedure for hybrids is more complex, making hybrids 
more susceptible to inadvertent errors such as misalignment of tape width and 
tape positioning. 
In 
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The CTEs behaved i n  the  same manner f o r  a l l  m a t e r i a l  systems. I n  p a r t l c -  
u l a r ,  t h r e e  trends were observed regarding t h e  environmental condi t ions.  For 
a g iven laminate: (1) t h e  CTE i s  greater when 1 percent moisture i s  present,  
e s p e c i a l l y  a t  h igher  temperatures, ( 2 )  t h e  CTE increased w i th  increas ing 
temperature, and (3)  as the  FVR increases, t h e  CTE decreases. Reca l l ing  t h a t  
t h e  m a t r i x  f o r  a l l  t h e  composites i s  an epoxy res in ,  t h i s  behavior i s  expected. 
Thus, based upon t h e  ICAN resul ts ,  P75/934 and P100/934 are  the  f i n a l  
m a t e r i a l  candidates. Although P100/934 d i d  have a l l  negat ive CTEs, t h e  exor- 
b i t a n t  p r i c e  o f  t h e  mater ia l  (more than th ree  times per pound the  cos t  o f  
P75/934) e l im ina ted  i t  from t h e  survey due t o  cos t  r e s t r a i n t s  i n  the  ACTS 
program; therefore,  P75/934 was chosen f o r  t h e  f i n a l  design. Add i t iona l  
p roper t ies  p red ic ted  by I C A N  f o r  the P75/934 laminate a r e  presented i n  
f i g u r e s  8 t o  12. Figure 8 d isp lays the  thermal c o n d u c t i v i t y  ( K )  f o r  var ious 
FVRs.  As temperature and FVR increase, K increases. Moisture cont r ibu tes  t o  
inc reas ing  K which i s  most not iceable a t  250 O F  (121 ' O C ) .  The heat capaci ty  
( C )  i s  shown i n  f i g u r e  9. Independent o f  d i r e c t i o n  and laminate conf igura t ion ,  
C increases w i t h  temperature. I n  the cryogenic range, FVR has l i t t l e  e f f e c t  on 
C, b u t  as the  temperature increases, C decreases w i t h  increas ing FVR.  As was 
observed f o r  t h e  other  thermal propert ies,  mois ture increases C, p a r t i c u l a r l y  
i n  t h e  higher thermal range. 
The mechanical p roper t ies  are presented i n  f i g u r e s  10 t o  12. Shown i n  
F igure 10, the  e l a s t i c  modulus, Ecxx (Ecxx = Ecyy), i s  f o r  a l l  p r a c t i c a l  pur- 
poses independent o f  temperature and moisture. For a prepreg having a FVR o f  
0.6220.02, E ranges from 23 t o  24 m p s i  (1.58 t o  1.62~1011 GPa)). The shear modu- 
l u s  decreases w i th  moisture f o r  a l l  temperatures i n  f i g u r e  11. As a r e s u l t ,  
the  shear modulus w i l l  be greater  i n  a space environment where moisture i s  
known n o t  t o  be a problem. The shear modulus increases s u b s t a n t i a l l y  w i t h  
decreasing temperature. When fac ing t h e  sun dur ing  o r b i t ,  the  shear modulus i s  
almost 1.7 t imes smal ler  than t h a t  I n  t h e  cryogenic p o r t i o n  o f  o r b i t .  F i n a l l y ,  
i n  f i g u r e  12, Poisson's r a t i o  (NU) f o r  t h e  P75/934 laminate i s  p l o t t e d .  As  FVR 
Increases, NU decreases. Once again, f o r  each temperature analyzed, moisture 
decreases the  value o f  NU. 
For t h e  communication s a t e l l i t e ,  the  c r i t i c a l  design parameter i s  the  CTE. 
However, depending on the  s t r u c t u r e  and i t s  funct ion,  any one o f  these proper- 
t i e s  discussed and how they reac t  under t h e  environmental condi t ions can be o f  
c r i t i c a l  importance i n  the design. A l l  o f  these proper t ies  are requi red f o r  
a d d i t i o n a l  d e t a i l e d  mechanical and thermal analyses. I n  f a c t ,  I C A N  generates 
the  m a t e r i a l  cards f o r  f i n i t e  element ana lys is  codes such as NASTRAN and MARC. 
PARAMETRIC STUDIES OF THE SANDWICH STRUCTURE 
The antenna r e f l e c t o r  i s  designed as a symmetric sandwich w i t h  composite 
laminate face sheets, adhesive layers, and a honeycomb core ( f i g .  13). When 
i n v e s t i g a t i n g  t h e  face sheets, t h e  primary design c r i t e r i a  was the mismatch i n  
CTEs between f i b e r  and m a t r i x  and how t h e  space environment would a f f e c t  it. 
For t h e  sandwich s t ruc tu re ,  I C A N  i s  used t o  i n v e s t i g a t e  the  mismatch i n  CTEs 
between t h e  sandwich components: face, adhesive, and core. Once again, the  
zero ( o r  near zero) CTE design c r i t e r i a  i s  enforced so t h a t  the sandwich can 
meet t h e  0.002 in .  (0.0508 mm) d i s t o r t i o n  requirement. 
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The face sheets have been selected and are [0/90]s P75/934 laminates. The 
Two 
adhesive layers are modeled in ICAN as individual plies. 
sis, the material properties for the adhesive were obtained from the vendor and 
a corresponding fiber and matrix were created and added to the data bank. 
honeycomb cores were selected for the parametric study: Hexcel-Aluminum and 
DuPont-Nomex. 
Prior to the analy- 
In this paper, only the aluminum honeycomb will be discussed. 
ICAN was deslgned for the analysis of continuous fiber composites. There- 
fore, a technique was developed to transform the honeycomb core into an equiva- 
lent homogeneous material which, in turn, could be transformed Into the fiber 
and matrix format required for the data bank. This technique is described in 
detail in reference 5. 
predict equivalent properties for a honeycomb core made from any material. A 
procedure was then developed to use these approximate equations in conjunction 
with composite mechanics in order to simulate sandwich thermal/structural 
behavior. This procedure is embedded in the ICAN coiie as a separate version 
and is identified as ICAN/SCS for Sandwich Computational Simulation. 
time, this special version of ICAN is not publicly available, but will be in 
the near future. 
Briefly, a set of simple equations were generated to 
At this 
Using ICAN/SCS, the parametric study was conducted on the sandwich with an 
emphasis on the thermal conditions of a geosynchronous orbit. Therefore, the 
ICAN results for the sandwich are presented graphically as a function of tem- 
perature for both 0 and 1 percent moisture. The thermal properties for the 
sandwich are predicted in figures 14 to 17. The critical property, CTE, is 
shown in figure 14. The in-plane CTEs are approximately 1.3 pin/in O F  which 
is acceptable for the antenna reflector design. Although moisture has no 
effect on the CTE, the honeycomb core produces a slight variation in the’ 
In-plane values. Since the results are plotted as a function of temperature, 
note that the in-plane CTE for the sandwich structure does not vary with the 
temperatures encountered in space. On the other hand, the through-the- 
thickness CTE is considerably greater (about 10 to 20 times) and increases 
significantly with increasing temperature. The thermal conductivity ( K )  is 
shown for the longitudinal and transverse directions in fjgures 15 and 16 
respectively. Due to the inherent properties of the aluminum honeycomb, there 
is a small variation in the values. K is slightly higher in the longitudinal 
direction. K is also more sensitive to temperature than the CTE, particularly 
at the higher range. Finally, in figure 17, the heat capacity (C) is indepen- 
dent of moisture content, but very sensitive to temperature. 
Graphical results for the mechanical properties (elastic and shear moduli) 
are shown in fjgures 18 and 19, respectively. The elastic modulus (E) in 
figure 18 appears to be sensitive to higher temperatures, causing a decrease in 
value. However, the selected scale is an expanded one, so in actuality, E is 
not that sensitive to temperature. As was observed for the face sheets, E for 
the sandwich structure also decreases with moisture. The shear modulus in 
figure 19 does reflect a sensitivity to higher temperatures producing a lower 
value for the shear modulus. 
increasing temperature as expected from the face sheet shear moduli (fig. 11). 
The shear modulus decreases substantially with 
Using ICAN, the proposed design of the antenna reflector was modeled as a 
According 
sandwich structure. 
employing the thermal and hygral conditions of a space environment. 
The behavior of the structure was then investigated by 
6 
t o  the  proper t ies  presented, herein, t h i s  p a r t i c u l a r  design meets the  s p e c i f i -  
ca t ions  f o r  a comunica t ion  s a t e l l i t e .  Now, these r e s u l t s  f o r  t he  main r e f l e c -  
t o r  can be used i n  add i t i ona l  studies on the  e n t i r e  s a t e l l i t e  conf igura t ion .  
As was prev ious ly  mentioned, I C A N  has been establ ished as an e f f e c t i v e  t o o l  f o r  
t he  p re l im ina ry  design o f  composite s t ructures.  
a re  compared t o  data f rom several  experimental programs. The c o r r e l a t i o n  o f  
the  p roper t i es  rendered Confidence I n  the  p r e d i c t i v e  c a p a b i l i t i e s  i n  ICAN. For 
the  ACTS p ro jec t ,  a p a r a l l e l  experimental program ( r e f .  7)  i s  being conducted, 
from which se lec t  room temperature proper t ies f o r  the  P75/934 laminate face 
sheets a re  presented i n  t a b l e  1 along w l t h  the  I C A N  p red ic t ions .  The good cor-  
r e l a t i o n  which e x i s t s  y ie lds  add i t iona l  confidence i n  the  I C A N  r e s u l t s .  
I n  reference 6, I C A N  r e s u l t s  
SUMMARY AND CONCLUSIONS 
The thermal behavior o f  the  main r e f l e c t o r  of t he  ACTS was Inves t iga ted  
using the  in tegra ted  composite mechanics incorporated i n  the  I C A N  computer 
code. The impetus f o r  t h i s  parametric study i s  t he  lack  o f  an e x i s t i n g  data 
base on the  hygrothermomechanical proper t ies o f  composites, p a r t i c u l a r l y  i n  a 
space environment. 
nate face sheets and then f o r  t he  sandwich s t ruc tu re  which simulates the  main 
r e f l e c t o r  design. 
the  face sheets and sandwich were presented as a func t i on  o f  FVR and tempera- 
ture,  respect ive ly ,  w i t h  an emphasis on the  CTE. The CTE i s  the  c r i t i c a l  
design parameter s ince r e l a t i v e l y  small dev ia t ions  i n  the  CTE can produce a 
s i g n i f i c a n t  d i s t o r t i o n  i n  the  transmit ted s ignal ,  which i s  the  pr imary func t i on  
o f  ACTS. 
For the  ACTS, proper t ies were requi red f i r s t  f o r  the  lami- 
The thermal and mechanical p roper t ies  predic ted by I C A N  f o r  
The r e s u l t s  presented and discussed demonstrate t h a t  I C A N  can be used t o  
perform parametric s tud ies on composite space s t ruc tu res  producing r e l a t i v e l y  
accurate r e s u l t s  f o r  design purposes. The costs along w l t h  user and computa- 
t i o n a l  t i m e s  requi red t o  generate these proper t ies  a re  t r i v i a l  I n  comparison 
t o  an experimental e f f o r t  o f  the same s ize.  The method used here in  t o  design 
the  composite sandwich o f  t he  main antenna r e f l e c t o r  can be used t o  design 
other  space s t ructures,  as we l l ,  provided the  parameters have been def ined and 
the  c r i t i c a l  DroDert ies a re  known. 
1. 
2. 
3.  
4. 
5 .  
. .  
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TABLE I .  - SELECT ROOM TEMPERATURE PROPERTIES FOR P7'r/q?4 LAMINATE5 LEWIT 
EXPERIMENTAL VERSUS ICAN PREDICTIONS 
M a t e r i a l  
p r o p e r t i e s  
F a i  1 u r  s t r e s s  
N/m& ( k s i )  
F a i l u r e  s t r a i n  
m/mn ( i n . 1 i n . )  
E l a s t i c  modulus,  
GPa ( m p s i )  
P o i s s o n ' s  r a t i o  
L a m i n a t e  c o n f i q u r a t i o n  
i x p e r i m e n t a l  I ] C A N  
0.309 
1 CAN 
3 7 4 ( 4 7 )  
0.M3r) 
I n q ( 1 5 . R )  
0.320 
FIGURE 1. - ARTIST'S CONCEPTUAL DRAWING OF THE ADVANCED 
COMMUNICATION TECHNOLOGY S A T E L L I T E  (ACTS).  
FOUR PLY SYMMETRIC LAMINATE. ICAN SAMPLE INPUT DATA. 
STDATA 4 1 2 
T COMSAI 
F CSANB 
F BIDE 
F RINDV 
T NONUDF 
PLY 1 1 70.00 350.0 1.8 0.0 .010 
PLY 2 2 70.00 350.0 1.8 90.0 .005 
PLY 3 2 70.00 350.0 1.8 90.0 .005 
PLY 4 1 70.00 350.0 1.8 0.0 ,010 
MATCRDAS--1MLS .55 .M AS--1MLS 0.0 .57 .03 
MATCRDSGLAHMHS .55 .01 AS--1MHS 0.4 .57 .01 
PLOAD 1000 0.0 0.0 0.0 NX.NY.NXY.THCS 
PLOAD 0.0 0.0 0.0 MX .MY, MXY 
PLOAD 0.0 0.0 DMWQX.DMY/QY .PRSS 
OPT I ON 0 
INPUT DATA SET 
AS-- GRAPHITE FIBER 
FP loo00 0.3OoE-03 0.63oE-01 
FE 0.31OE 08 0.2OoE 07 0.2OOE 00 0.25OE 00 0.2OOE 07 0,lOOE 07 
FS 0.400E 06 0.4OOE 06 O.Oo0 0.000 0.000 0.000 
FT -0.550E-06 0.56OE-05 0.580E 03 0.580E 02 0.170E 00 
SGLA S- GLASS FIBER 
FP 204 0.36OE-03 0.W-01 
FE 0.124E 08 0.124E 08 0.2OOE 00 0.200E 00 0.517E 07 0.517E 07 
FT 0.28OE-05 0.280E-05 0.75OE 01 0.750E 01 0.17oE 00 
FS 0.36OE 06 0.3OoE 06 0.36C-E 06 0.300E 06 0.18OE 06 0.180E 06 
IMLS 
MP 0.46C-E-01 
ME 
MT 0.125E 01 0.250E 00 
MV 0.225E 00 0.42oE 03 
INTEREDIATE MODULUS LOW STRENGTH MATRIX 
0.5OOE 06 O.4lOE 00 0.57C-E-09 
MS 0.7OOE 04 0.210E 05 0.70OE 04 0.14oE-01 0.420E-01 0.320E-01 0.320E-01 
HflHS HIGH MODULUS HIGH STRENGTH MATRIX 
MP 0.45oE-01 
ME 0.750E 06 0.350E 00 0.400E-0'1 
MT 0.125E 01 0.250E 00 
MV 0.225E 00 0.42oE 03 
IMHS 
MP 0.44OE-01 
ME 
MT 0.12% 01 0.25OE 00 
MV 0.225E 00 0.42OE 03 
MS 0.2OOE 05 0.5OoE 05 0.15oE 05 0.200E-01 0.500E-01 0.4OOE-01 0.400E-01 
INTERHEDIATE flODULUS HIGH STRENGTH MATRIX 
0.50oE 06 0.350E 00 0.36OE-04 
0.15C-E 05 0.35OE 05 0.13E 05 0.2OOE-01 0.5OoE-01 0.35OE-01 0.350E-01 MS 
RESIDENT DATA BANK ECHO 
FIGURE 2. - SAMPLES OF THE INPUT DATA SET AND THE CONSTITUENT PROPERTIES 
I N  THE DATA BANK, 
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FIGURE 4. - CTE FOR THE (0/90)s 
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1 .24  
r ------- 1% MOISTURE 
0% MOISTURE 0 v) r
X W 
I 
X 
-1.00 
,118 .56 .64 .72 
FIBER VOLUME RATIO 
FIGURE 5.  - CTE FOR THE (O/go)s 
P75/934 LAMINATE. 
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FIGURE 6 .  - CTE FOR THE (0/90)s 
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FIGURE 7 .  - CTE FOR THE (O/go)s 
KFV1/934//P75/934 HYBRID. 
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FIGURE 8 .  - THERMAL CONDUCTIVITY 
FOR THE (0/90)s P75/934 LAMINATE, 
WHERE 1 BTU-IN./HR FT2 OF 
= 3.44482X10-4CAL/S CH OC.  
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FIGURE 9 .  - HEAT CAPACITY FOR THE 
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1 BTU/LB OF = 4184 J/KG K. 
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FIGURE 10. - ELASTIC MODULUS FOR THE 
(0/90)s P75/934 LAMINATE, WHERE 
1 M P S I  = 6.895 GPA. 
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FIGURE 11. - SHEAR MODULUS FOR 
THE (0 /90)s  P75/934 LAMINATE, 
WHERE 1 MPSI = 6.895 GPA. 
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FIGURE 12. - POISSON'S R A T I O  FOR 
THE (0/90)S P75/934 L M I N A T E .  
-~ ,-COMPOSITE FACE 
1.0 
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FIGURE 17. - HEAT CAPACITY FOR THE 
COMPOSITE SANDWICH STRUCTURE (ALU- 
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